Abstract: Beta (b)-blockers are under-prescribed in patients with heart failure (HF) and concurrent chronic obstructive pulmonary disease (COPD) due to concerns about adverse pulmonary effects and a poor understanding of the effects of these drugs. We aimed to evaluate the survival effects of b-blockers in patients with coexistent HF and COPD. Using the Taiwan National Health Insurance Research Database, we conducted a nationwide population-based study. Patients with coexistent HF and COPD diagnosed between 2000 and 2009 were enrolled. Doses of the 3 b-blockers proven to be beneficial to HF (carvedilol, bisoprolol, and metoprolol) during the study period were extracted. The primary endpoint was cumulative survival. Patients were followed until December 31, 2009. The study included 11,558 subjects, with a mean follow-up period of 4.07 years. After adjustment for age, sex, comorbidities, and severity of HF and COPD, bisoprolol use showed a doseresponse survival benefit [low dose: adjusted hazard ratio (HR) ¼ 0.76, 95% confidence interval (CI) ¼ 0.59-0.97, P ¼ 0.030; high dose: adjusted HR ¼ 0.40, 95% CI ¼ 0.26-0.63, P < 0.001] compared with nonusers, whereas no survival difference was observed for carvedilol or metoprolol. Compared with patients with HF alone, this special HF þ COPD cohort received significantly fewer targeted b-blockers (108.8 vs 137.3 defined daily doses (DDDs)/person-year, P < 0.001) and bisoprolol (57.9 vs 70.8 DDDs/person-year, P < 0.001). In patients with coexisting HF and COPD, this study demonstrated a doseresponse survival benefit of bisoprolol use, but not of carvedilol or metoprolol use.
INTRODUCTION
H eart failure (HF) is a major global health concern characterized by high mortality, frequent hospitalization, and poor quality of life, especially in elderly individuals. Improvements in medical treatment have shifted the strategy of HF management from short-term hemodynamic modification to altering the biological properties of the failing heart, greatly improving prognoses. 1 Among new treatments, the dramatic rise of beta (b)-blocker therapy, which was initially considered to be contraindicated in HF, is an important milestone. 2 Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow limitation and associated with an abnormal inflammatory response in the lungs. 3 The prevalence of COPD is as high as 39.2% in elderly patients with stable HF, and COPD was identified as an independent risk factor of mortality. 4 In turn, patients with COPD were reported to have higher risks for HF, atherosclerosis, 4 and death due to cardiovascular diseases. 5 Despite the large number of affected patients and greater mortality risk, the coexistence of HF and COPD continues to present a therapeutic dilemma. 4, 6 The Heart Failure Society of America's comprehensive practice guidelines for HF have recommended the use of bblockers, even in patients with COPD, 1 but concern about the detrimental effect of this therapy on COPD has led to its suboptimal use. 6 Because patients with COPD have frequently been excluded from large trials of b-blockers, limited information about the drugs' effects is available for these patients. 4, [6] [7] [8] [9] [10] More evidence of the survival benefit of this therapy is needed to resolve the treatment dilemma. Ample evidence has demonstrated differences in the effects of b 1 -selective and nonselective b-blockers, as well as other distinct b-blockers, in patients with COPD, [10] [11] [12] [13] [14] [15] but whether these differences impact survival remains unknown. Furthermore, the different effects of distinct b-blockers on respiratory systems may result in survival differences. Thus, using a nationwide population-based dataset, this study aimed to analyze the distinct survival effects of the three b-blockers recommended in the guidelines for HF 1 (carvedilol, bisoprolol, and metoprolol) in patients with coexistent HF and COPD.
METHODS

Data Source
Taiwan's National Health Insurance (NHI) program, initiated by the government in 1995, provides comprehensive health care to almost all Taiwanese citizens, with a coverage rate of more than 99% of Taiwan's entire population. 16 The National Health Research Institute (NHRI) of Taiwan manages and publicly releases, for research purposes, multiple NHI databases that include information about basic patient characteristics; detailed claims data for examinations, disease management, and drug prescriptions; and diagnoses for all admitted patients and outpatients. The NHRI created a research database including a random sample of 1,000,000 subjects from the registry of all NHI enrollees in 2000, with encryption of all data that might allow the identification of any individual. We obtained datasets from this nationally representative cohort from the NHRI for use as our research database. This study was approved by the Institutional Review Board of Taipei Veterans General Hospital (VGHIRB No. 201209007BC).
Study Design and Population
We conducted a retrospective cohort study of the period from January 1, 2000 to December 31, 2009. Using the diagnostic codes provided in the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM), we enrolled patients with diagnoses of both HF (ICD-9 codes 425. 4 494 .xx, and 496.xx). All patients were followed until the date of death, withdrawal from insurance, or December 31, 2009. All daily doses of the 3 b-blockers (carvedilol, bisoprolol, and metoprolol) proven to be beneficial to HF were extracted. 1 The average daily doses of the 3 b-blockers in each 3-month period, divided retrospectively from the end of the follow-up date, were applied as time-dependent covariates. A time lag of 3 months was applied to evaluate the effect of bblocker use in each 3-month block because of the delayed cardiac benefit of this treatment. [17] [18] [19] Subjects followed for less than a 3-month period of medication use plus a 3-month period of lag time for evaluation (180 days) were excluded. According to the 2010 HF guidelines, 1 each 3-month block of the study subjects was assigned to one of the following groups: low-dose carvedilol (!6.25 and <50 mg/d), high-dose carvedilol (!50 mg/d), low-dose bisoprolol (!1.25 and <10 mg/d), high-dose bisoprolol (!10 mg/d), low-dose metoprolol (!25 and <200 mg/d), high-dose metoprolol (!200 mg/d), and nonuser. Patients' survival outcomes were analyzed after new diagnoses of both HF and COPD, regardless of which occurred first.
Potential Confounders and Classification of Severity
In the analysis of the effects of b-blockers on survival outcomes, we controlled for age, sex, and severity of COPD and HF, and identified the following comorbidities diagnosed before The severity of COPD was determined by the annual frequency of hospitalization for COPD exacerbation within the follow-up period, as the exacerbation frequency history has been suggested to be an important factor in classifying COPD severity. 20 Patients with 2 or more hospitalizations for COPD exacerbation per year were assigned to the severe COPD group and those with no hospitalization for exacerbation were assigned to the mild group; all other patients were assigned to the moderate group. The severity of HF was classified in the same way, using the same cut-off value of admission rate per year for HF exacerbation.
Carvedilol, Bisoprolol, and Metoprolol Usage in Patients With Coexistent HF and COPD
We conducted a retrospective analysis to evaluate the prescription of the 3 b-blockers proven beneficial to HF (carvedilol, bisoprolol, and metoprolol) in patients with coexistent HF and COPD. From January 1, 2000 to December 31, 2009, all patients diagnosed with HF were identified for analysis, and were further divided into 2 cohorts: HF only and HF with concurrent COPD. Prescriptions of b-blockers during HF in the HF cohort were extracted and compared with those during HF with coexistent COPD in the cohort with both diseases. The cumulated doses of carvedilol, bisoprolol, and metoprolol were calculated as defined daily doses (DDDs), according to the 2010 HF guidelines. 1 The following DDDs of these b-blockers were used: carvedilol, 6.25 mg; bisoprolol, 1.25 mg; and metoprolol, 25 mg. The mean DDDs per person-year in the 2 cohorts were compared.
Statistical Analyses
Data extraction and computation were performed using the Perl programming language (ver. 5.12.2; Perl Foundation, Walnut, CA). Microsoft SQL Server 2012 (Microsoft Corporation, Redmond, WA) was used for data processing and sampling. All statistical analyses were conducted using the SAS software (ver. 9.2 for windows; SAS Institute, Cary, NC). The analytical endpoints were cumulative survival. The validity of the classification of COPD and HF severity in our study was analyzed by Kaplan-Meier method. Time-dependent Cox proportionalhazards regression analysis was used to determine the effect of b-blocker use on survival outcome during the follow-up period, with b-blocker use calculated as a time-dependent covariate. Other baseline variables that were considered to be potentially confounding factors included age, sex, and comorbidities. Variables with significance levels of P < 0.1 in univariate analysis were included independently in the multivariable analysis using a stepwise selection procedure. P < 0.05 was considered to indicate statistical significance.
RESULTS
Clinical Characteristics of the Study Population
The baseline characteristics of the study groups are shown in Table 1 . A total of 13,182 adult patients with diagnoses of both COPD and HF between January 2000 and December 2009 were identified. After excluding patients aged <20 years (n ¼ 4) and those who died within 180 days after diagnosis or were followed for <180 days (n ¼ 1620), the study sample consisted of 11,558 patients. The study subjects were predominantly male (n ¼ 6175, 53.4%) and the median age was 70 [range, 20-101; interquartile range (IQR), 63-76] years. The most common comorbidity was hypertension (87.9%), followed by ischemic heart disease (62.9%), arrhythmia (40.3%), and diabetes mellitus (33.6%). Most (n ¼ 9121, 78.9%) patients had mild COPD, 1180 (10.2%) had moderate COPD, and 1257 (10.9%) patients had severe COPD; 8385 (72.6%) patients had mild HF, 1585 (13.7%) had moderate HF, and 1588 (13.7%) patients had severe HF (Figure 1 ). The patients were followed for a maximum of 9 (mean, 4.07) years and 2076 (18.0%) patients died during the follow-up period.
Survival Effects of Carvedilol, Bisoprolol, and Metoprolol
The survival effects of b-blockers were adjusted in a timedependent Cox proportional hazards model after correcting for potentially confounding factors, including age, sex, and comorbidities. In the univariate analysis, elderly age, male sex, all identified major comorbidities, and COPD or HF severity significantly affected survival (Table 2) . Of note, survival decreased significantly with increasing severity of COPD or HF in the Kaplan-Meier analysis (Figure 2 A and B) ; this result was sustained after adjustment for other factors (Table 2) . Compared with patients with mild COPD, the adjusted hazard ratios (HRs) for mortality in patients with moderate and severe COPD were 1.13 [95% confidence interval (CI), 1.02-1.27; P ¼ 0.026] and 2.56 (95% CI, 2.22-2.95; P < 0.001), respectively. Compared with patients with mild HF, the adjusted HRs for mortality in patients with moderate and severe HF were 1.35 (95% CI, 1.47-1.85; P < 0.001) and 4.11 (95% CI, 3.60-4.70; P < 0.001), respectively. After adjusting for these factors in the time-dependent multivariable Cox regression model, the survival effects of the three b-blockers were analyzed. Compared with nonusers, bisoprolol use was associated with a significantly lower dose-dependent risk of mortality (low-dose bisoprolol: HR ¼ 0.76, 95% CI ¼ 0.59-0.97, P ¼ 0.030; high-dose bisoprolol: HR ¼ 0.40, 95% CI ¼ 0.26-0.63, P < 0.001), whereas no such difference was observed for carvedilol or metoprolol. The subgroup analysis is presented in Figure 3 . It is noteworthy that HRs of bisoprolol were statistically significantly lower in most of subgroups, suggesting an independent role of bisoprolol in patient survival.
Carvedilol, Bisoprolol, and Metoprolol Use in Patients With HF Only or Coexistent HF and COPD Prescriptions of bisoprolol, metoprolol, and carvedilol for patients with HF alone and coexistent HF and COPD are shown in Table 3 . Significantly fewer prescriptions of the 3 b-blockers were given during HF in patients with coexistent HF and COPD than in those with HF alone (108.8 vs 137.3 DDDs per personyear, P < 0.001). We observed a similarly less frequent prescription of bisoprolol, the only b-blocker proven beneficial to patients with COPD and HF (57.9 vs 70.8 DDDs per personyear, P < 0.001).
DISCUSSION
Almost all b-blocker trials in patients with HF have excluded participants with significant pulmonary disease, documented obstructive airway disease, and those using a bronchodilator. 4 Observational studies have provided most of the limited evidence for the benefit of b-blockers in this special population. 6 This nationwide population-based study revealed the suboptimal prescription of b-blockers in this group of patients and demonstrated a significantly better dose-dependent survival outcome associated with bisoprolol use in 11,558 patients with HF and COPD, whereas metoprolol and carvedilol showed no survival difference compared with nonusers. To our knowledge, this study included the largest cohort of patients with coexistent HF and COPD. Furthermore, our cohort was adapted from a national database, which minimized selection bias. The validity of this study is also supported by our study design. To eliminate bias, which commonly affects observational studies, we exhaustively corrected for the confounding effects of comorbidities affecting vital organs. Importantly, we corrected for the severity of COPD and HF. In compliance with the Global Initiative for Chronic Obstructive Lung Disease guidelines, 20 the severity of COPD was classified according to the average number of admissions for acute exacerbation per year, and the severity of HF was classified in the same manner. The classification of severity was reliable and independently predicted mortality, even after correction for other confounding factors in the time-dependent multivariable Cox regression model. Correcting for the severity of COPD was important because it helped us to eliminate bias caused by the decreased use of b-blockers in patients with severe COPD.
In this study, we demonstrated significantly less prescription of carvedilol, bisoprolol, and metoprolol in patients with coexistent HF and COPD than in those with HF alone. This finding is consistent with those of previous studies conducted worldwide. In Scotland, Hawkins et al 21 found that only 18% (n ¼ 1375) of patients with HF and COPD received b-blockers, in contrast to 41% (n ¼ 4451) of those without COPD (P < 0.001). In the Valsartan Heart Failure Trial, 9 only 140/ 628 (22%) participants with coexistent HF and COPD received b-blockers. This suboptimal use is due primarily to fears of respiratory side effects and limited evidence for the benefit of these drugs in this particular cohort.
Previous studies have associated the use of b-blockers with better survival outcomes in patients with COPD and myocardial infarction. 22, 23 In patients with concurrent HF and COPD, Staszewsky et al 9 demonstrated a survival benefit in 140 bblocker users compared with 488 nonusers. However, the sample size was small and no further comparison among individual b-blockers was performed. We found survival differences among the 3 b-blockers proven to benefit patients with HF in our cohort. Previous studies have noted differences among specific b-blockers in survival outcomes and airway function. 12, 15 The lack of a survival benefit in association with carvedilol use was not surprising, given the detrimental respiratory effects of this drug. 15 Nonselective b-blockers have been found to reduce forced expiratory volume in 1 second (FEV 1 ) and the effect of bronchodilator treatment, and to increase 
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airway hypersensitiveness in patients with COPD. 12 In contrast, a meta-analysis found that b 1 -selective b-blockers produced no adverse respiratory effect in patients with mild to moderate reactive airway disease. 11 Furthermore, Salpeter et al 13 revealed that b 1 -selective b-blockers produced no change in FEV 1 , respiratory symptoms, or treatment response to b 2 -agonists in patients with COPD. However, metoprolol use also showed no survival benefit in our study. As a b 1 -selective blocker, metoprolol was shown to increase airway hyperresponsiveness in patients with COPD, whereas celiprolol, another b 1 -selective b-blocker assessed in the study, demonstrated no negative pulmonary effect. 12 These findings imply that pulmonary influences differ among b 1 -selective b-blockers, some of which continue to have a potential negative pulmonary effect. Our study revealed a superior survival outcome associated with bisoprolol use, which has been proven to not increase the chance of acute COPD exacerbation in patients with concurrent HF and moderate to severe COPD. 23 The cardioprotective effects of b-blockers result from the blockage of chronic, harmful, compensatory catecholamine stimulation to a failing heart. Most b-blockers accomplish this through b 1 -receptor signaling, with adverse consequences including impaired systolic function, increased heart rate and myocardial stress, and progression in remodeling. 2, 24 The benefit of b-blocker use in patients with concurrent HF and COPD is not fully understood. Cardiovascular disease is the leading cause of morbidity and mortality in patients with COPD, 5 and COPD is an independent predictor of hospitalization and death due to cardiovascular events in patients with HF. 4 Other than sharing a major risk factor, smoking, which might partly explain the high coexistence rate of cardiovascular disease and COPD, increasing evidence suggests that COPDrelated systemic inflammation, airway obstruction, and inhaled b-agonist treatment have potential roles in cardiac injury. 4 Furthermore, some studies have demonstrated potential benefits of b-blockers in COPD in situ, including reduced mortality and risk of COPD exacerbation. 8, 10 The results of our study have several implications. Growing evidence has suggested that the use of b-blockers is safe in patients with COPD, including those with moderate to severe COPD and/or advanced age, or even after acute exacerbation. 14, 25, 26 Our study findings strengthen the evidence for the benefits of b-blocker use in patients with coexisting COPD and HF, which might improve the current underprescription of these drugs in clinical practice. Moreover, we found differences in survival effects among individual b-blockers in this patient group, indicating that bisoprolol is a better choice due to its association with fewer adverse pulmonary effects.
Nevertheless, this study has some limitations. First, the claim-based dataset omitted some personal information, such as smoking, obesity, alcohol use, and family history. Although these factors appear to have no influence on b-blocker selection and we made every effort to correct for confounding factors, especially comorbidities, some factors for which we lacked information might have confounded our results. Furthermore, the effect of smoking on mortality might be reflected by COPD severity in this study. Second, the results of pulmonary and heart function tests were not available. In compliance with the last guidelines of COPD and HF, the annual frequency of admissions for COPD or HF could be used to classify severity. Additionally, the primary endpoint was cumulative survival. Cardiovascular and respiratory complications were not reported in this study. Also, we could not directly evaluate the severity of each comorbidity. Third, the retrospective design restricted and potentially biased our study. However, performance of a randomized control trial to evaluate the survival effects of b-blockers in patients with coexistent HF and COPD would be difficult. Furthermore, because all data that could allow the identification of any individual were encrypted, we could not assess drug adherence and drug-drug interactions. However, this bias is toward the null hypothesis and would lead to underestimation of the actual survival effects of b-blockers. Finally, the external validity of our findings may be of concern because almost all enrollees were Chinese. The generalizability of our results to non-Asian populations must be further verified. Additionally, most patients had mild COPD (78.9%) and HF (72.5%) in this study. The survival benefit of bisoprolol in patients with nonmild COPD and HF should be clarified. More comprehensive studies are needed in order to confirm our findings and identify the potential underlying mechanisms. However, our findings suggest new avenues for future research.
CONCLUSION
In conclusion, this study demonstrated the suboptimal use of b-blockers and revealed a dose-dependent benefit of bisoprolol in patients with coexisting HF and COPD. There is no survival benefit of the other 2 b-blockers recommended by the HF guidelines (carvedilol and metoprolol). Thus, the current HF guidelines do not seem to be suitable for patients with coexisting HF and COPD. Further well-designed studies for these high-risk patients are warranted and should focus not only on the beneficial effects of b-blocker usage, but also on distinguishing among the effects of different b-blockers.
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